Projected changes in 21st century climate are likely to impact water resources substantially, although much uncertainty remains as to the nature of such impacts. A relatively under-explored source of uncertainty is the method by which current and scenario evapotranspiration (ET) are estimated. Using the Waikaia River (New Zealand) as a case study, the influence of a potential ET (PET) method is investigated for a scenario of a 2 W C increase in global mean temperature (the presumed threshold of 'dangerous' climate change). Six PET methods are investigated, with five general circulation models (GCMs) used to provide an indication of GCM uncertainty. The HBV-Light hydrological model is used to simulate river runoff. Uncertainty in scenario PET between methods is generally greater than between GCMs, but the reverse is found for runoff. The cause of the reduction in uncertainty from PET to runoff is unclear: the catchment is not water-limited during the summer half-year, indicating that it is not because of actual ET failing to reach the potential rate. Irrespective of the cause, these results stand in contrast to previous estimations of relatively high sensitivity of runoff projections to PET methods, indicating that further work is required to understand the controls on this source of uncertainty.
INTRODUCTION
Projected changes in 21st century climate are likely to impact global water resources substantially, in part due to an anticipated intensification of the hydrological cycle (for example, following the Clausius-Clapeyron relationship). A general pattern of wet areas becoming wetter and dry areas drier is emerging as a robust thermodynamic response to global warming (e.g. Held & Soden ) . However, the extent to which this relationship holds at the local scale has been questioned (Roderick et al. ) and is further complicated by simultaneous changes in plant stomatal conductance under higher atmospheric carbon dioxide concentrations (e.g. Kay et al. ) . Given these uncertainties, representation of evapotranspiration (ET) from the land surface is a critical aspect of hydrological modelling under climate change scenarios.
In hydrological models, actual ET (AET) is rarely measured explicitly, with ET typically quantified using a conceptual variable, potential ET (PET). PET can be derived following that of temperature (such that July PET is 6.7 mm, rising to 49.4 mm in January).
Data
River discharge data for model calibration were obtained for (1961 -1990 Todd et al. ) . Given that the Waikaia catchment is substantially smaller than this spatial resolution, and is situated within a larger area of land surface complexity (i.e. it is situated on a relatively small island -the South Island -which contains marked topographic variation), the change in climate from CRU TS 3.0 baseline to scenario was applied to the observed baseline data using a delta factor approach to generate scenario data for input to HBV-Light. Evaporation from the soil box occurs at the potential rate until the water in this box lowers to a (user-defined)
threshold, after which a linear reduction is applied. Water entering the recharge routine is released for runoff either relatively quickly, or 'percolates' into a slower responding water store. Finally, a user-defined smoothing function is applied to output from the quick and slow-responding water stores before the final model output is produced.
Both manual and automatic calibration of the HBVLight model parameters were undertaken. Manual calibration was performed to identify a physically reasonable range within which parameter values were likely to vary, before Monte-Carlo based automatic calibration (part of the HBV-Light software) was used to sample across this range. The simulation began with 50 randomly generated parameter sets that are specified to certain ranges. The sets were then evaluated by running the model, and the goodness of fit calculated for each parameter set. Parameter sets with high values were given higher probability to generate new sets than those sets that gave poorer results (Seibert ).
The spilt sample calibration/validation procedure was adopted, following Klemes (). Accordingly, model parameter values were varied to achieve the best possible fit between modelled and observed discharge for the period 1980-1998. In the second half of the analysis period 
RESULTS

Change in climate
The annual baseline-to-scenario change in the key meteorological variables used in the various PET methods is shown in At the monthly resolution, temperature and vapour pressure are relatively similar from month-to-month, at the approximate magnitude of the annual changes reported in Table 1 . Differences in climate change signal between GCMs are also relatively minor for these variables. In contrast, net radiation and precipitation vary more noticeably between months and GCMs ( Figure 3 ). Decreases in net The latter two GCMs show decreasing net radiation for all months of the year. Precipitation generally increases the most during June and July, with only small increases in January and February. In October-December and MarchApril, there is some uncertainty in the direction of change between GCMs.
PET response
The annual PET percentage change for the PET methods under each GCM is shown in Table 2 . With the exception of the HadCM3 scenario, the two physical PET methods (Penman, Granger) Aside from the Hargreaves variation between GCMs, there is generally greater uncertainty in annual PET between PET methods for a given GCM than there is between GCMs for a given PET method (Table 2 ). There is also some con- Penman in the IPSL scenario; the largest increases are for Jensen-Haise in the HadCM3 and CCCMA scenarios. Peak differences occur in the winter climate change signal (up to 40%), but as this is also the time of lowest PET, the absolute magnitude of these differences is relatively small: the 40% difference in HadCM3 July climate change signal equates to 2.3 mm, whereas the 18% variation in NCAR January signal results in a 9.3 mm difference.
Runoff change
Most PET method-GCM combinations result in increasing annual runoff, with the notable exception of the NCAR GCM, for which all PET methods lead to a decrease in runoff (Table 3 ). The 0.9-6.1% decreases for NCAR represent an absolute decrease of 7.5-50.4 mm from the 832.8 baseline mean annual total. IPSL results in the largest increases in annual runoff (9.4-12.6%, or 78.2-105.2 mm).
The range in annual runoff change between PET methods under each GCM is between 1.7% (HadCM3) and 3.6%
(CCCMA) ( Table 3 ). The range between GCMs for each PET method is far larger: 13.9% (Hamon) There is some uncertainty in the direction of change in summer and autumn between GCMs, with some scenarios indicating small increases in river flow (IPSL), and others decreases (NCAR).
In contrast to the differences in magnitude of change between GCM scenarios, the uncertainty associated with PET method is relatively small ( methods under a climate scenario of a 2 W C increase in global mean temperature (Table 2) . Although the scenarios are based on a relatively simplistic delta-change scenarios, we consider these results robust in terms of differences at the 30-year mean resolution. This data set has also been pre- The tendency for the two physically based methods to lead to lower increases (or decreases) in annual PET (Table 2 ) appears linked to changes in net radiation (Table 1) although the HadCM3 GCM leads to the greatest increases in both methods, CCCMA does not lead to the smallest increase.
Furthermore, PET for both of these methods increases for all GCMs, despite the decrease in net radiation.
The tendency for Hamon to result in the largest increase in PET (and lowest increase in runoff) is consistent with previous findings (e.g. Kingston et al. ; Shaw & Riha ) .
The difference in change in Hamon PET between GCMs follows the difference in Tmean change between GCMs (i.e.
the greatest increase in both occurs for CCCMA, and smallest for MPI; Tables 1 and 2 ). In contrast, the other temperature based method ( 
Impacts of different PET methods on runoff
The impact of choice of PET method on scenario runoff is relatively small, at under 5% on the monthly scale and at most 5.2% at the annual scale ( Figure 5 , Table 3 ). Similar Table 3 ) is low compared to the mean range in signal for just PET (9.9%, Table 2 ). Even for the GCM with the greatest range between PET methods (NCAR), the range in annual runoff change is just 5.2%, which compares with a 16.6% variation in scenario PET for this GCM. 
CONCLUSION
This study examined the impact of a 2 W C climate change scenario on river runoff for the upper Waikaia catchment.
The primary changes comprise an increase in winter runoff, followed by a decrease in spring which is likely due to reduced proportion of precipitation falling as snow during winter, and resultant reduced snowmelt influence in spring simulated runoff. The choice of the PET method was found to lead to a relatively large difference in scenario PET. In many instances, there was a greater difference in scenario PET between methods for one GCM than between understood, although it seems likely that a lack of available surface water is not the cause: at the monthly resolution, ET is not water limited during the summer half-year. Limited sensitivity of the HBV-Light hydrological model to PET may be a cause of these results, but this possibility requires further research to confirm.
